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The KATP channel opener nicorandil: Effect on renal hemody-
namic in spontaneously hypertensive and Wistar Kyoto rats.
Adenosine triphosphate-sensitive K channels (KATP) may sub-
serve vasodilation in the renal microvasculature. Using mi-
cropuncture techniques, we examined whether the renal vasomo-
tor action of KATP differs in hypertensive and normotensive
animals. Nicorandil (NC), a KATP opener, was given i.v. (1
mg/hr/kg) to spontaneously hypertensive rats (SHR) or Wistar
Kyoto rats (WKY). Mean arterial blood pressure decreased in
both groups. Renal blood flow was almost unchanged in SHR but
increased significantly in WKY. This effect was completely abol-
ished by pretreatment with glibenclamide (GC; 3 mg/kg i.v.). To
investigate the effect of NC on the regulatory mechanism of renal
microcirculation, we measured proximal tubular stop-flow pres-
sure (SFP) and assessed tubuloglomerular feedback (TGF) by
monitoring SFP during loop perfusion with artificial tubular fluid.
NC significantly increased SFP in WKY, an effect abolished by
pretreatment with GC. In SHR, however, treatment with NC
elicited no significant change in SFP. TGF response was not
affected by NC treatment in either group. The data suggest that
KATP may modulate preglomerular vascular resistance, especially
in the larger vascular segments not subject to TGF regulation, and
may be attenuated in SHR. This might, at least in part, be
attributable to the increased vascular resistance in SHR.
Opening adenosine triphosphate-sensitive K1 channels
(KATP) in vascular smooth muscle allows efflux of intracel-
lular K1 and causes vasodilation, primarily by hyperpolar-
ization-induced inactivation of voltage-dependent Ca chan-
nels. Although there are different types of KATP [1], the
exact properties and structure of native KATP in vessels, as
revealed by pharmacological or patch-clamp techniques [2],
are not fully understood. In vitro investigations in renal
microvessels have shown significant effects of KATP open-
ers, which dilate afferent [3, 4] and efferent [4] arterioles.
However, only few in vivo data on the effect of KATP
openers on renal microcirculation are available, and the
physiological or pathophysiological role of KATP in the
regulation of renal hemodynamics is obscure. This study
explores the effect of the KATP opener nicorandil on
glomerular hemodynamics and tubuloglomerular feedback
(TGF). Because K1 efflux from vascular smooth muscle
cells is increased in hypertension [5] in which afferent
arteriolar tone is elevated, we also compared the effect of
nicorandil in spontaneously hypertensive rats (SHR) and
normotensive control Wistar Kyoto rats (WKY).
METHODS
Adult (12 to 14 weeks old) WKY or SHR (SHR/Izm;
Sankyo Labo, Tokyo, Japan) were anesthetized (thiobut-
abarbital; RBI, Natic, MA, USA; 100 mg/kg i.p.) and
prepared for renal hemodynamic or micropuncture studies
as reported elsewhere [6]. Mean arterial pressure (MAP)
was monitored through a catheter in the right femoral
artery. Drugs and 0.9% saline were infused through the
femoral vein. The net infusion rate was 1 ml/h per 100 g
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Table 1. Effect of intravenous infusion of nicorandil (1 mg/kg/hr) on
renal hemodynamics
N
MAP
mm Hg
RBF
ml/min
RVR
mm/Hg min/ml
WKY
Group 1 BL 6 114 6 3 6.2 6 0.3 18.6 6 1.1
N 110 6 3a 6.7 6 0.3a 16.5 6 0.9a
Group 2 BL 7 116 6 3 5.9 6 0.5 19.9 6 1.3
G/N 114 6 3 6.0 6 0.5 19.5 6 1.4
SHR
Group 3 BL 6 147 6 5 6.3 6 0.3 23.6 6 1.3
N 134 6 7a 6.4 6 0.3 21.0 6 1.4a
Group 4 BL 5 145 6 5 6.1 6 0.7 25.7 6 3.8
G/N 141 6 5a 6.1 6 0.8 25.4 6 4.5
Values are means 6 SE. Abbreviations are: MAP, mean arterial
pressure; RBF, renal blood flow; RVR, renal vascular resistance; BL,
baseline; N, infusion of nicorandil; G/N, bolus injection of glibenclamide
(3 mg/kg) followed by infusion of nicorandil.
a P , 0.05 vs. corresponding baseline
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body weight. Nicorandil (NC; Chyugai Pharmaceutical,
Tokyo, Japan) was dissolved in saline and infused contin-
uously at 1 mg/h/kg. Glibenclamide (GC; Wako, Osaka,
Japan) was diluted with isotonic saline and given as a bolus
(3 mg/kg). Renal blood flow (RBF) was monitored with an
electromagnetic flow probe (Nihonkoden, Tokyo, Japan)
on the left renal artery. Stop-flow pressure (SFP) in super-
ficial proximal tubules was monitored via a micropipette
(OD 2 mm) filled with 2 M NaCl solution and mounted in a
servo-null micropressure system (900A; WPI, Sarasota, FL,
USA). TGF was evaluated by orthograde loop of Henle
perfusion with artificial tubular fluid from a late proximal
segment. The TGF response is the change in SFP on
changing loop perfusion rate from 0 to 40 nl/min.
Four groups were studied: group 1, WKY rats receiving
NC; group 2, WKY rats receiving bolus injection of GC
followed by the infusion of NC; group 3, SHR treated as
group 1; and group 4, SHR treated as group 2. Data are
given as means 6 SE. The data obtained from a rat were
averaged and compared using Student’s paired t-test for
statistical significance of differences between the values in
baseline condition and during the infusion of NC. P , 0.05
was considered significant.
RESULTS AND DISCUSSION
Alterations in renal hemodynamics elicited by NC are
shown in Table 1. NC infusion significantly decreased MAP
in groups 1 and 3. A significant increase in RBF was
observed in group 1 but not in group 3. Renal vascular
resistance (RVR) was significantly decreased in groups 1
and 3. Administration of GC prior to NC infusion abol-
ished the responses to NC in group 2. In group 4, MAP was
decreased, but the magnitude of the change was signifi-
cantly less than that in group 3 (Table 1). Other changes in
RBF and RVR were not significant. Changes in SFP and
TGF responses before and after the systemic administra-
tion of NC are shown in Table 2. In WKY, SFP at each loop
perfusion rate was higher after NC (group 1). This upward
shift was abolished by pretreatment with GC (group 2). In
SHR, however, SFP was not significantly altered by NC
(group 3). The percentage change in SFP at 40 nl/min loop
flow from that at zero flow (DDPsf, the maximum TGF
response) was not significantly affected by NC in either
group.
This study examined the role of KATP channel in the
regulation of renal hemodynamics by assessing the in vivo
effect of NC on SFP and TGF responses. Systemic admin-
istration of NC significantly reduced renal vascular resis-
tance in WKY and in SHR (Table 1) and increased SFP in
WKY (Table 2). These renal and glomerular hemodynamic
effects of NC were almost completely reversed by prior
administration of GC, a specific inhibitor of KATP [7]. Thus,
the responses to nicorandil are presumably mostly due to
KATP opening in the renal vasculature, although NC acts as
an nitric oxide donor as well.
To our knowledge, this is the first report of an effect of
a KATP opener on glomerular hemodynamics in vivo, in
particular on TGF. Despite the moderate, but significant,
decrease in renal perfusion pressure during infusion of NC,
SFP in superficial nephrons was significantly elevated in
WKY but not in SHR (Table 2). This suggests predominant
dilation of preglomerular vasculature by NC in WKY and is
consistent with the recent observation in the isolated
perfused hydronephrotic kidney that pinacidil, another
KATP opener, preferentially dilates afferent arterioles by
inhibition of voltage-dependent (L-type) Ca21 channels [4].
Because this channel plays a dominant role in the mainte-
nance of vascular tonus of afferent arteriole [8], hyperpo-
larization of the vascular smooth muscle by opening of
KATP may preferentially dilate the preglomerular vascula-
ture.
The attenuated effect of NC on SFP in SHR may, in part,
reflect the decreased renal perfusion pressure in SHR.
However, these findings were somewhat surprising, as the
vascular tone of preglomerular vessels is elevated in SHR
and the effect of blockers of L-type Ca21 channels on
vascular tone should be greater under such conditions. One
possibility is that the native action of KATP in renal vessels
in SHR is attenuated, although comparable effects of KATP
openers are seen in basilar artery [9] in SHR and WKY.
Table 2. Effect of intravenous infusion of nicorandil (1 mg/kg/hr) on stop-flow pressure (Psf) and tubuloglomerular feedback response
N
(tubule/rat)
MAP Psf0 Psf40 DPsf
%mm Hg
WKY
Group 1 BL 18/6 118 6 2 31.8 6 1.9 24.6 6 1.2 222.2 6 2.9
N 106 6 5a 39.3 6 3.8a 32.0 6 3.1a 218.7 6 1.2
Group 2 BL 12/4 116 6 1 33.7 6 2.0 27.6 6 1.0 217.4 6 3.6
G/N 112 6 4 32.0 6 0.6 26.2 6 1.0 218.3 6 1.7
SHR
Group 3 BL 22/8 148 6 5 37.4 6 2.0 25.6 6 1.7 231.8 6 1.8
N 132 6 5a 34.1 6 1.8 24.5 6 1. 228.1 6 1.3
Group 4 BL 9/4 154 6 2 40.4 6 1.1 30.4 6 0.7 224.8 6 1.0
G/N 142 6 6a 37.7 6 0.5 27.7 6 0.5 226.7 6 0.3
Values are means 6 SE. Abbreviations are: Psf0, Psf in the absence of tubular perfusion; Psf40, Psf during tubular perfusion at 40 nl/min with artificial
tubular fluid; DPsf is the maximum change in Psf on changing tubular perfusion rate from 0 to 40 nl/min, expressed as a percentage of Psf0.
a P , 0.05 vs. corresponding baseline
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TGF was not affected by NC in either group (Table 2). The
findings in WKY strongly imply dilation of the preglomeru-
lar vasculature, a mechanism dependent on the inactivation
of L-type Ca21 channels. The TGF response is very sensi-
tive to blockade of L-type Ca21 channels, which interferes
mainly at the effector site, the relatively confined segment
of afferent arteriole in the immediate vicinity of the
glomerulus [10]. It is thus also possible that this dose of NC
mainly dilates more proximal segments of the preglomeru-
lar vessels, that is, larger arteries. Such a possibility of
divergent effect of KATP openers on vessels within organs is
seen in arteries of rat brain [9].
In summary, KATP has significant effects on renal and
glomerular hemodynamics in vivo. These effects may differ
between the renal vascular segments and also between
normotension and hypertension. The diversity of the func-
tion of KATP in the regulation of glomerular hemodynamics
must be examined further.
ACKNOWLEDGMENTS
Nicorandil was a generous gift from Cyu-gai C. O. (Tokyo, Japan). Part
of this study was presented at the 14th International Congress of Nephrol-
ogy.
Reprint requests to Tetsuya Kawata, MD, Department of Internal Medicine
II, School of Medicine, Hokkaido University, Kita 15, Nishi 7, Kita-ku,
Sapporo 060, Hokkaido, Japan.
APPENDIX
Abbreviations used in this article are: GC, glibenclamide; KATP, aden-
osine triphosphate-sensitive K1 channels; MAP, mean arterial pressure;
NC, nicorandil; RVR, renal vascular resistance; SFP, stop-flow pressure;
RBF, renal blood flow; SHR, spontaneously hypertensive rats; TGF,
tubuloglomerular feedback; WKY, Wistar Kyoto rats.
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